Oniscidean isopods brood the eggs in a fluid-filled marsupium, and embryos undergo prolonged lecithotrophic development. After sloughing of the vitelline membrane (second embryonic molt), the mancas remain in the marsupium for several more days before emerging as free-living juveniles. Calcium is required for cuticle mineralization in crustaceans, and the time-course of net calcium uptake during these early developmental stages is thus of interest. We studied calcium uptake during embryogenesis and manca development in Armadillidium vulgare using Ca microelectrodes and atomic absorption spectrophotometry. Total Ca increased approximately 17-fold during egg development, from 0.33 6 0.12 nmol in Early Stage 1 eggs to 5.58 6 2.73 nmol in Late Stage 2 eggs. However, the major period of uptake occurred after the second embryonic molt, with total Ca increasing rapidly to 197 6 19.5 nmol per animal in Day 4 mancas; this represents a 35-fold increase from Late Stage 2 eggs. Mancas take up amaranth when cultured in vitro, showing that they imbibe fluid and probably acquire Ca in this way. Eggs reared in vitro in isopod saline show greatly reduced Ca accumulation, indicating that marsupial development provides other sources of Ca and/or metabolic substrates essential for normal uptake. Periembryonic fluid Ca concentrations measured in Late Stage 2 eggs (following blastokinesis) were 22.1 6 3.5 mmol L À1 , almost double the marsupial fluid levels. Stage 2 eggs reared in vitro
Terrestrial isopod crustaceans of the suborder Oniscidea brood the eggs in a fluid-filled maternal marsupium until hatching (Hoese, 1984) . During the first stage of development (Stage 1; approximately 1 week), a chorion protects the developing egg (Goodrich, 1939; Helden and Hassall, 1997; Surbida and Wright, 2001) . Following shedding of the chorion, the embryo enters Stage 2 and remains enclosed within the vitelline membrane; this is sloughed after a further 6-8 days. The hatchlings (mancas) remain within the marsupium for an additional 4-5 days before they disperse as free-living juveniles.
The physiological pathways of calcification and the processes of calcium sequestration and remobilization during molting in crustaceans have been quite well studied (Greenaway, 1972; Neufeld and Cameron, 1993; Ziegler, 1996; Wheatly, 1999; Wheatly et al., 2002; Hagedorn and Ziegler, 2002) , but the time-course of initial calcification during embryogenesis, and the mechanisms of calcium uptake, remain poorly understood. Many marine crustaceans have oligolecithal eggs which develop to the naupliar stage over a period of a few hours to a few days (e.g., Anderson, 1982) . Terrestrial isopods, by contrast, have lecithotrophic eggs and prolonged embryogenesis. Because cuticle calcification provides physical protection and probably waterproofing, we suggest that selection will have favored significant integumental calcification prior to manca emergence. This may take place during embryogenesis or during the marsupial development of the mancas.
Developing embryos are bathed in periembryonic fluid within the extra-embryonic membranes (Weygoldt, 1958; Strömberg, 1965 ). An epithelial dorsal organ provides a link between the developing embryo and the egg surface (Dohrn, 1867; Bobretsky, 1874; Goodrich, 1939; Strömberg, 1965 Strömberg, , 1972 Meschenmoser, 1989) , and this epithelium possesses dense, basolateral mitochondria and membrane infoldings. The epithelial ultrastructure suggests a role of the dorsal organ in osmotic and ionic regulation following the shedding of the chorion, as proposed by several workers (Bobretsky, 1874; Goodrich, 1939; Strömberg, 1965 Strömberg, , 1972 Fioroni, 1980; Morritt and Spicer, 1995; Surbida and Wright, 2001) . The limits of the dorsal organ delineate a saddle-shaped patch on the dorsal and lateral faces of the egg, the Zellenhaut of Bobretsky (1874) . This area stains with silver indicating high chloride permeability, and providing another indicator of a transporting role (Surbida and Wright, 2001) . Whether the dorsal organ is involved in active calcium uptake, and whether embryos undergo significant calcification is not known, although an increase in mineral ash occurs during embryogenesis in both Ligia oceanica (Pandian, 1972) and Armadillidium vulgare (Lawlor, 1976; Helden and Hassell, 1997) . Independent calcium regulation by the dorsal organ would allow for additional homeostatic control of the embryonic environment beyond that provided by the maternal marsupium.
This study explored the capacity for calcium regulation in the periembryonic fluid, and the time-course of total calcium uptake, during marsupial development in the common terrestrial oniscidean Armadillidium vulgare (Latreille, 1804).
MATERIALS AND METHODS
Armadillidium vulgare were collected from live oak litter in the vicinity of the Pomona College campus, Claremont, California. Marsupial stages were removed from the marsupia of gravid females under a dissecting microscope using fine (Dumont, No. 5) forceps. By prying apart the oostegites, eggs or mancas could be lifted gently from the marsupium and transferred to saline. Marsupial stages were classified following Surbida and Wright (2001) (Surbida and Wright, 2001 ) and unpublished data. Marsupial fluid magnesium has not been measured and was therefore estimated. Hemolymph total magnesium content in oniscideans ranges approximately 10-12 mmol L À1 (Gondko et al., 1984) . However, complexing with blood proteins likely reduces the aqueous ionic concentration markedly. For this reason we used a lower saline concentration of 5 mM. Studies of in vitro development using this culturing procedure show that eggs maintain good viability from early Stage 1 through to hatching in control saline (Surbida and Wright, 2001 ). During experiments, viability of Stage 2 eggs was regularly checked by visualization of embryo movements and heartbeat.
Periembryonic Fluid Calcium Concentrations
Preliminary experiments tested two procedures for measuring calcium in the periembryonic fluid: puncturing eggs under mineral oil and inserting calcium and reference microelectrodes into the resulting fluid droplet; or impaling eggs with electrodes under saline. Subsequently, however, we found that the most reliable method was to measure calcium with electrodes after drawing up the periembryonic fluid into a small length of capillary tubing. Eggs were first transferred in a small drop of saline to a petri dish lined with a silicone elastomer base (SylgardÔ, Dow Corning Corporation, Midland, Michigan). The saline was then wicked off and the egg punctured with a fine glass needle. The emerging periembryonic fluid was promptly drawn up into a 2 lL Drummond microcapillary (Drummond Scientific Co., Broomhall, Pennsylvania). The capillary could be mounted vertically in a small piece of Fun-TakÔ and the sample calcium concentration measured by inserting calcium and reference microelectrodes into the exposed bore. The lack of any discernible change in the length of the liquid column within the capillary over a period of 10 minutes, and stability of measured calcium concentrations, both indicated minimal error from evaporative concentration of the sample. Following fluid sampling, measurements could typically be made within 1-2 minutes.
Calcium microelectrodes were constructed from unfilamented borosilicate glass pulled on a Narishige PN-30 microelectrode puller and broken back to tip diameters of 3-4 lm. Prior to filling, they were dried on a hotplate at 2308C then silanized by exposure to vapor of 2,4-dimethyldichlorosilane for 30 minutes. Each electrode was back-filled with a solution containing 100 mmol L À1 KCl and 20 mmol L À1 CaCl 2 , and a small length of the Corning ETH-1001 calcium ionophore (IE-200, World Precision Instruments, Sarasota, Florida) was then drawn up into the tip by capillarity. Reference electrodes were fabricated from filamented capillaries and backfilled with 2 mol L À1 KCl. The electrodes were connected to the head-stage of an iWorx IE255 amplifier and Powerlab 200 A/D interface via chlorided silver wires, and output potentials recorded using iWorx Chart software (Chart v. 3.61) . Calcium microelectrodes were calibrated in solutions of CaCl 2 bracketing the measured concentrations, and adjusted with NaCl to give a total osmolality of approximately 550 mOsmÁkg À1 . The concentrations (in mmol L À1 ) were: 1 CaCl 2 /300 NaCl, 10 CaCl 2 /280 NaCl, and 100 CaCl 2 /200 NaCl. Selectivity of the ETH1001 ionophore for Ca 2þ exceeds that for Na þ by 3.2 3 10 5 (Ammann, 1986) . Electrode slopes were À28 toÀ30 mV per decade. Ion-selective microelectrodes only measure the free ion activity in solution. Estimating the aqueous inorganic calcium concentration (free Ca 2þ plus non-ionized salts) therefore assumes that the activity coefficients for calcium salts in the hemolymph and calibration solutions are the same.
Periembryonic fluid calcium was measured in eggs taken directly from marsupia (in vivo samples), and in eggs cultured in vitro in control saline
) for periods from 15 minutes to 24 hours. In order to determine whether eggs are able to up-regulate calcium, periembryonic calcium was also measured in eggs removed from marsupial and transferred to low-calcium (1 mmol L
À1
) saline for various periods. All measurements used replicate eggs taken from 3-6 broods. Owing to the small volume of periembryonic fluid in earlier stages, measurements were restricted to Mid and Late Stage 2 eggs. We also measured hemolymph calcium concentrations (using the same procedure) in Day 1 and Day 2 mancas.
Egg Volume Measurements
In order to estimate the contribution of aqueous free calcium to the total calcium content of eggs, we estimated egg volumes for the main developmental stages. Volumes were calculated assuming the egg to be spherical, and taking the diameter as the mean of the egg length and midpoint dorsoventral depth. Lengths were measured at 3100 magnification using a Nikon E-600 compound microscope fitted with a calibrated eyepiece micrometer.
Whole-egg and Manca Calcium Determinations
Total calcium contents were determined for all differentiated egg stages, and for Day 1-Day 4 mancas, using atomic absorption spectrophotometry (AAS). In order to obtain the known manca stages, gravid females bearing Late Stage 2 eggs were observed until hatching (Day 1) and for the four subsequent days (Days 2, 3, 4, and 5), and mancas collected as required. Total calcium determinations were also made for eggs incubated for 12, 24, and 48 hours in either control isopod saline or low-calcium saline.
For sample preparation, 10-50 eggs or mancas were rinsed briefly in three changes of nanopure water, transferred to 1.1 mL of 0.01 N HCl (diluted from stock in nanopure water), homogenized in microcentrifuge tubes using a plastic pestle, and left overnight. They were then vortexed and centrifuged for 5 minutes at 8000 g, after which 1 mL of supernatant was removed and diluted with 3.5 mL of nanopure water and 0. , and other anions (US EPA, 1983) . Calcium absorbances were measured at 422.7 nm using a Perkin-Elmer 3100 AA spectrophotometer with a Fisher hollow cathode calcium lamp. Calibration samples were made up from a stock solution of 10 mmol L À1 CaCl 2 by serial dilution with nanopure water. As in test samples, 10% by volume of 200 mmol L
À1
LaCl 3 was added to each calibration standard. The standard curve was linear over the range of calibration standards (r 2 ¼ 0.999). While previous studies have reported aqueous calcium concentrations for hemolymph (Lagarrigue, 1969; Alikhan, 1973; Gondko et al., 1984; Ziegler and Scholz, 1997) , the only published values for calcium concentrations in marsupial fluid (Surbida and Wright, 2001) were measured using calcium microelectrodes. For this reason, we checked the total calcium concentrations in both hemolymph and marsupial fluid using AAS, and compared these among the different developmental stages. The main objective here was to assess whether organically complexed calcium might provide additional calcium beyond the free aqueous calcium measured with ionselective microelectrodes (12.2 6 1.43 mmol L À1 ).
Oral Drinking in Mancas
In order to test whether mancas ingest marsupial fluid to acquire calcium, mancas were removed from gravid females at Days 0-4 and immersed in control saline containing 1 mmol L À1 amaranth, a nontoxic sulphonate dye. After 24 hours, animals were examined for visual evidence of dye accumulation in the gut.
Trans-Vitelline Membrane Potential (TVMP) Measurements
Mid and Late Stage 2 eggs possess sufficient volumes of periembryonic fluid to allow measurements of the trans-vitelline membrane potential difference (TVMP) with conventional glass microelectrodes. Microelectrodes were constructed from 1.5 mm filamented borosilicate glass capillaries (World Precision Instruments, Sarasota, Florida), pulled on a Narishige PN-30 microelectrode puller, and backfilled with 2 mol L À1 KCl. Electrodes had resistances of 120 MX or better. Impalements of Stage 2 eggs were made in control saline and following transfer to low-calcium saline for periods of 0-40 hours. In order to constrain the egg, a small well was constructed from a 4 mm length of 1.1 mm i.d. capillary tubing pushed into the Sylgard-lined Petri dish to leave approximately 1.5 mm extending above the elastomer base. Entomological pins could then be used to confine the egg further within this well as necessary. The vitelline membrane is connected to the embryo via the dorsal organ, but is otherwise separated from the embryo by periembryonic fluid in Mid and Late Stage 2 eggs. We refer to all potentials recorded across the vitelline membrane as TVMPs, but it should be noted that a true trans-epithelial potential, sensu stricto, will exist across the local region of the dorsal organ.
RESULTS

Periembryonic Fluid Measurements
The mean periembryonic fluid calcium concentration for Late Stage 2 eggs taken directly from marsupia was 22.1 6 3.5 mmol L À1 (n ¼ 8). Following transfer to 1 mmol L À1 Ca 2þ saline, periembryonic calcium levels declined to about 4 mmol L À1 within 2.25 hours and remained stable thereafter (Fig. 1) . Eggs transferred to control saline (20 mmol L
À1
Ca 2þ
) and incubated for up to 24 hours showed a similar rapid decline in periembryonic calcium levels, stabilizing at 13.3 6 3.6 mmol L À1 within 15-30 minutes (Table 2) .
Total Calcium Determinations Whole-egg and manca calcium contents are shown in Fig. 2  (A, B) . During egg development, total calcium increased approximately 17-fold, from 0.33 6 0.12 nmol in Early Stage 1 eggs to 5.58 6 2.73 nmol in Late Stage 2 eggs. The main period of calcium uptake, however, did not occur until the manca stages, reaching 197 6 19.5 nmol calcium per animal in Day 3. This represents a 35-fold increase from Late Stage 2 eggs. Day 5 mancas were the latest developmental stage that we could collect before brood emergence, and these did not show any significant increase in total calcium compared to Day 4 mancas.
Total calcium contents of embryos reared in vitro in control and low-calcium salines are shown in Figs. 3 and 4 respectively. In vitro eggs cultured in control saline showed the usual calcium increase with developmental stage, but accumulated only about 5% of the calcium observed in vivo. Embryos cultured in 1 mmol L À1 saline showed a decline in total calcium between Mid and Late Stage 2, then a small increase again in the manca stages. The decrease in total calcium in Stage 2 eggs was further explored by sampling eggs at shorter time intervals from the beginning of Mid Stage 2. Prior to blastokinesis, eggs cultured in 1 mmol L À1 Ca 2þ saline showed very little variation in total calcium levels. By contrast, Late Stage 2 eggs (following blastokinesis) underwent a steady decline in total calcium over time (Fig. 5 ). While consistent with the observed decline in periembryonic fluid calcium in 1 mmol L À1 saline (Fig. 1) , the decline in total calcium was much more prolonged, continuing for at least 44 hours. Eggs reared in 1 mmol L À1 calcium saline showed moderate survivorship to hatching (44%; n ¼ 105) and retained a small amount of calcium, but none survived as mancas past Day 1. Total calcium determinations for maternal hemolymph and marsupial fluid using AAS are shown in Fig. 7 . Hemolymph and marsupial fluid calcium levels did not differ significantly except during brooding of mancas when marsupial fluid calcium was significantly depressed (t ¼ 2.26; P ¼ 0.027). There was no significant change in calcium concentration over the course of embryo development in marsupial fluid (t ¼ 1.86, P ¼ 0.86) or hemolymph (t ¼ 1.30, P ¼ 0.21; regression t-tests).
The total calcium concentrations in hemolymph and marsupial fluid measured by AAS are markedly higher than calcium concentrations measured with calcium microelectrodes. Total calcium concentrations in hemolymph ranged from 24.9 to 37.1 mmol L À1 , and marsupial fluid values varied between 24.5 and 30.1 mmol L À1 . Respective concentrations measured using calcium microelectrodes are 6.96 6 0.62 mmol L À1 (n ¼ 19) (Wright, unpublished data), and 12.2 6 1.43 mmol L À1 (Surbida and Wright, 2001) . Depending on the developmental stage of the brooded embryos, total calcium concentrations thus exceed estimates of the aqueous inorganic calcium by 2-to 2.5-fold in marsupial fluid, and 3.6-to 5.4-fold in the hemolymph.
Amaranth Uptake in Mancas
Between Day 1 and Day 5, mancas all showed clear staining of the presumptive midgut (hepatopancreas caeca) following overnight incubation in 1 mmol L À1 amaranth (Fig. 8) . Dye concentration was also evident in the maxillary glands. Although marsupial fluid is apparently exhausted by the end of Day 3 manca development in vitro, Day 4 and Day 5 mancas clearly imbibe fluid if available. ). Note the small calcium accumulation compared with in vivo stages (Fig. 3B) . Bars show mean 6 SEM (n ¼ 2-4 batches of 20-50 eggs or mancas). À1 calcium saline. Asterisks denote a significant decrease in total calcium with respect to the previous period (** P , 0.01; * P , 0.05).
TVMP Measurements
We were unable to record reliable TVMPs for Stage 1 eggs owing to the difficulties of penetrating the chorion and the large volume of the yolk sac. Mid Stage 2 eggs taken directly from marsupia showed a small positive TVMP of þ2.50 6 0.44 mV (n ¼ 16), while this increased in Late Stage 2 eggs to þ7.94 6 0.86 mV (n ¼ 22). Late Stage 2 eggs were also monitored during prolonged incubation in both control and 1 mmol L À1 Ca 2þ salines (Table 3) , and in both cases the TVMP declined until, by 48 hours, it was essentially abolished. In all cases, however, the TVMP was far from the equilibrium potential for calcium (E Ca ). Assuming an in vivo periembryonic calcium concentration of 22.1 mmol L À1 (Fig. 1 ), E Ca in 20 mmol L À1 and 1 mmol L À1 calcium salines would be À1.26 mV and À39.0 mV respectively. If recalculated using the measured periembryonic calcium concentrations for prolonged incubation in control and 1 mmol L À1 calcium saline (13.3 mmol L À1 and 4 mmol L À1 respectively), the corresponding values for E ca would be þ5.1 mV and À17.5 mV. DISCUSSION This study shows for the first time the pattern of calcium uptake in early developmental stages of a terrestrial isopod. It is clear that marsupial development of the mancas provides a critical period for calcium acquisition. Egg uptake is significant although it accounts for only a small fraction (2.8%) of the total calcium accumulated by emerging mancas at the end of marsupial development. As embryos develop and the yolk mass is consumed, the periembryonic fluid volume increases. This, combined with the increase in egg volume, results in a significant accumulation of free aqueous calcium and probably accounts for most of the 17-fold increase in total egg calcium between early Stage 1 and Late Stage 2 (Fig. 2A) . Late Stage 2 eggs of A. vulgare have an estimated mean volume of 0.305 lL. (Fig. 6) . Assuming the periembryonic fluid to comprise approximately 50% of the egg volume, or 0.15 lL, the aqueous periembryonic calcium (22 mmol L À1 ) would comprise 3.3 nmol. Additional calcium reserves are available in the embryo hemolymph. Adding this, and assuming an embryo hemolymph volume of 31% (similar to that in later instars), and periembryonic calcium concentrations, the total aqueous calcium reserve (periembryonic fluid plus hemolymph) would be 4.3 nmol. Although these calculations are approximate, they show that aqueous free calcium likely comprises most of the total calcium content of Late Stage 2 eggs, measured by AAS as 5.58 6 2.73 nmol. Additional calcium will include the unionized fraction of inorganic salts, particularly sulphates and carbonates, organically complexed calcium, and mineralized calcium in the embryo cuticle or in stored granules. In the amphipod Orchestia cavimana, intracellular calcium granules accumulate in the dorsal organ in Stage 1 eggs. These are diminished in size prior to the shedding of the chorion, while new calcium granules appear in the increasing volume of periembryonic fluid (Meschenmoser, 1989) . These may constitute a reserve for the early stages of cuticle ) of marsupial fluid and maternal hemolymph during different stages of embryo development, determined by AAS (n ¼ 3-7 for individual stages). Marsupial fluid and hemolymph calcium do not differ significantly when compared across all stages, and do not change significantly during marsupial development, but marsupial fluid calcium is significantly depressed below hemolymph levels at the manca stage (asterisk). mineralization and may contribute to the total calcium content in eggs of A. vulgare. Mancas apparently ingest the marsupial fluid in vivo. Day 1 mancas inhabit a fluid-filled marsupium, but by the third day of manca development, marsupial fluid is scant or absent. Mancas drink saline when cultured in vitro, as shown by the uptake of amaranth dye in the midgut. A probable function of drinking is the acquisition of calcium, and this is consistent with the rapid increase in whole-animal calcium seen during the manca stages in vivo. The depression of marsupial fluid calcium below hemolymph levels during the brooding of mancas (Fig. 7) is a further indication of selective calcium uptake by mancas. The digestive epithelium of terrestrial crustaceans is specialized for calcium uptake (Neufeld and Cameron, 1993; Wheatly, 1999) and is presumably the only avenue of calcium uptake once mancas leave the marsupium. Whether they acquire calcium simply as aqueous ions, however, is unclear. Mancas reared in vitro showed only about 5% of the calcium accumulation seen in vivo, suggesting that other aspects of marsupial development are essential for normal calcium uptake. The total calcium concentration measured in marsupial fluid using AAS is 2 to 2.5 times greater than concentrations measured with calcium microelectrodes, although only slightly higher than in the control saline used for in vitro culturing (20 mmol L À1 ). The substantial difference between the aqueous inorganic calcium and total calcium is also apparent from discrepancies between hemolymph calcium measurements for Porcellio scaber using calcium minielectrodes (10.5 mmol L À1 ; Ziegler and Scholz, 1997) and flame photometry (18.8 mmol L
À1
; Gondko et al., 1984) . The marsupial fluid is secreted by pendulous cotyledons (Hoese, 1984) and includes organics that may provide critical metabolic substrates for early development. Hoese and Janssen (1989) have also proposed that the cotyledons may be ingested directly by the mancas.
Although calcium accumulation in eggs may be attributed primarily to the changes in egg and periembryonic fluid volume, the extracellular calcium concentrations appear to be actively regulated in Mid Stage 2 eggs (and possibly in earlier stages). This is evident both from the ability of Mid Stage 2 eggs to maintain elevated periembryonic calcium concentrations in 1 mmol L À1 calcium saline, and from scanning electrode flux measurements which show inward calcium fluxes across the dorsal organ (Wright, Reault, and O'Donnell, unpublished data). These are apparently sufficient to counter passive outward leakage across the remainder of the vitelline membrane. Measured TEPs across Mid Stage 2 eggs further support the existence of active calcium transport since these differ markedly from the E ca .
With the transition from Mid to Late Stage 2, eggs apparently lose the capacity for inward calcium transport. Blastokinesis severs the connection between the embryo and the dorsal organ, which thereafter begins to degenerate (Mechsenmoser, 1989) . While Late Stage 2 eggs remain viable in 1 mmol L À1 Ca 2þ saline, the initial loss of calcium is rapid with the total calcium concentration declining by 50% in the first 30 minutes (data not shown) and stabilizing at about 20% of control concentrations within 2.25 hours. The AAS measurements show, however, that Late Stage 2 eggs continue to lose total calcium over at least a 43-hour period. The rapid stabilization of aqueous periembryonic calcium concentrations must therefore depend on replenishment from other reserves, possibly mineralized granules (Meschenmoser, 1989) .
In summary, this study shows that eggs of A. vulgare are capable of regulating elevated periembrionic calcium concentrations in low-calcium saline, allowing for homeostatic regulation and/or accumulation of calcium during early embryonic development. Mid Stage 2 eggs maintain stable calcium concentrations in low-calcium environments, and indeed microelectrode measurements of periembryonic fluid calcium concentrations are almost double those of marsupial fluid in vivo (22.13 6 3.45 mmol L À1 versus 12.2 6 1.43 mmol L À1 ). Following blastokinesis, the Late Stage 2 eggs begin to leak calcium in low-calcium salines. Because the dorsal organ degenerates at this time, the observation is consistent with its prior functioning in inward calcium transport. In spite of prolonged calcium efflux in 1 mmol L À1 calcium saline, Late Stage 2 eggs maintain periembryonic fluid calcium levels of about 4 mmol L À1 , far from the equilibrium determined from the TVMP. This suggests that concentrations may be maintained by the mobilization of nonaqueous calcium reserves. Plausible reserves would be the epithelial or periembryonic fluid granules described in amphipods. Such mineral reserves may play a critical role for calcium homeostasis after blastokinesis. Following hatching of the mancas (the second embryonic molt), ingestion of marsupial fluid and/or cotyledon tissue allows for a rapid, 35-fold increase in total calcium. Most of this is incorporated into organically complexed calcium carbonates within the cuticle (Verhoeff, 1917 (Verhoeff, , 1920 Strömberg, 1965; Welinder, 1974; Mechsenmoser, 1989) .
